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to have spoken, but found at the last 
moment that he was too busy, and so 
sent Wilkins. Watson’s plan of using 
his sister as bait for the unattached 
Wilkins failed, and Wilkins rejected 
his overtures. Had Wilkins been more 
forthcoming Watson would have ended 
up at King’s and not in Cambridge. 
Wilkins had earlier tried to persuade 
Randall to find a place at King’s for 
Crick, but the Professor had demurred 
on the grounds that Crick talked 
too much. And finally there was the 
disastrous incompatibility of Wilkins 
and Rosalind Franklin, brought about 
by Randall. We can now see for the 
first time the letter that Randall wrote 
to Rosalind Franklin, telling her, but not 
Wilkins, that the DNA problem would be 
hers alone, that Wilkins’s able student, 
Gosling would be working with her, 
and that Wilkins would be occupying 
himself with other matters. Wilkins was 
stunned when he first saw this letter 
some forty years later, while gathering 
material for the Biographical Memoir 
of Randall for the Royal Society. When 
telling me of his discovery a day or 
two on, he permitted himself a little 
heartfelt, if restrained, profanity.
Among the many rewards that 
this greatly enriched edition of 
Watson’s famous succès de scandale 
contains are an additional chapter 
(not scandalous), deleted from the 
original, and especially a profusion 
of photographs — of figures from 
publications, scribbled annotations 
in laboratory notebooks, of places 
with sentimental links to Watson’s 
chronicle, and especially of the huge 
cast of characters, the famous and the 
forgotten, at work and at play, drunk 
and sober. Gann and Witkowski have 
even added a picture of the plaque 
on the wall of the celebrated pub, 
the Eagle, commemorating the many 
hours that Watson and Crick drank 
and pondered the nature of DNA. It 
probably pre-dates the sign in the 
window of the Chinese restaurant 
near Columbia University, where the 
physicists, Yang and Lee were wont to 
meet to discuss the violation of mirror-
image parity. The sign proclaimed, ‘Eat 
here, get Nobel Prize’. This splendid 
volume, to conclude, is richly laden with 
instruction and entertainment for all, 
whether historian, scientist or voyeur. 
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Animals that live or repeatedly alight 
on the surface of water often need to 
escape from predators or return to 
land. We show that flightless pygmy 
mole crickets use a new strategy to 
jump rapidly from water. Their powerful 
hind legs are moved so quickly that 
they penetrate the surface and as 
they move through the water, unique 
arrays of spring-loaded paddles and 
spurs fan out to increase surface area. 
This enables these insects to propel a 
large volume of water downwards in a 
laminar flow, so that they are launched 
upwards into the air. 
Pygmy mole crickets (Xya capensis; 
Figure 1A) live in burrows, excavated in 
banks by fresh water, which are liable to 
flood. Their prodigious jumps from land, 
which are propelled by the hind legs in 
a catapult mechanism, give precedence 
to speed (take-off velocity 5.4 m s-1) 
over controllability (initial spin rates of 
100 Hz in the pitch plane) [1]. Inevitably, 
jumps frequently land on water and 
the only way back to their burrows 
is to jump or swim. Observations of 
natural behaviour show that they jump 
repeatedly. 
Jumps began with the hind tibiae fully 
flexed but held above the surface of the 
water. Both tibiae then extended rapidly 
and penetrated the water, carrying air 
with them. The extension resulted in 
flaring of tibial paddles and spurs (Figure 
1B–F) which increased the surface 
area by 2.4 times and moved the insect 
upwards (Figure 1D,E; Supplemental 
information). The fastest velocity (2.2 ± 
0.1 m s-1) was achieved 0.2 ms after 
the paddles and spurs were maximally 
flared and splayed (Figure 1F,H). Full 
tibial extension was reached in 1.4 ± 
0.2 ms with an average angular velocity 
of 130,000 degrees s-1. This propulsive 
phase of a jump lasted 5.8 ± 0.7 ms. The 
hind legs then remained straight and 
their surface area was reduced by the 
folding of the paddles and spurs. The 
forward velocity consequently fell, and 
about 1 ms before emergence fell further 
as the insect escaped surface tension. 
The hind legs emerged last with water 
Correspondence trapped between them (Figure 1G). Once airborne, the velocity was 1.2 ± 0.1 m 
s-1, 44 ± 8 % less than the peak reached 
in water. At emergence, the body 
subtended an angle of 81 ± 7 degrees 
to the surface, and the jump elevation 
was 84 ± 8 degrees. These steep angles 
minimise drag at the expense of forward 
distance. The best jumps are calculated 
to reach heights of 100 mm and forward 
distances of 30 mm (18 and 5.4 body 
lengths, respectively).
Normally both hind legs contributed 
to the jump, but the synchrony of their 
action could vary by 0.8 ms. All jumps 
propelled by both hind legs enabled 
the insect to become airborne, but 
half the jumps propelled by one hind 
leg failed to escape from the water. 
When propelled by one hind leg the 
peak velocity achieved in water was 
only 1.1 m s-1, and in air was 0.4 m s-1 
and the forward distance moved was 
10% of normal. When propelled by 
both hind legs, kinematic calculations 
showed that in the best jumps, peak 
acceleration was 1570 m s-2 (160 g). 
The energy required was 22 µJ and the 
power was 16 mW. These values fell in 
one-legged jumps. 
The distal hind tibia has a medial row 
of three, and a lateral row of four paddle-
like processes 300–400 µm long and 70–
110 µm wide (Figure 1B). Such paddles 
are unique to this family of insects 
and are not found in closely related 
grasshoppers. All paddles are normally 
folded flat, but flare laterally under water 
when the tibia is extended by the insect 
or experimenter. After forcible extension, 
paddles return rapidly to their folded 
positions. At the distal end of a tibia are 
two pairs of moveable spurs, the shorter 
spurs 410–460 µm long and 75 µm 
wide, the longer ones 1200 µm long 
and 85 µm wide. All paddles and spurs 
have concave inner surfaces like oars. 
Illumination with ultraviolet light revealed 
patches of bright blue fluorescence at 
the articulation of each paddle (Figure 
1C) and spur, indicating the elastic 
protein resilin [2]. This suggests that 
folding of the paddles and spurs, and 
hence reduction of drag, is effected by 
springs. 
Can the force shown by the 
kinematics be explained by the actions 
of the hind legs? We calculate [3] 
that the paddles and spurs operate 
at low Reynolds numbers (670 and 
520, respectively), allowing the use of 
the ‘approximate mass method’ [4] to 
estimate how much water is ‘scooped’ 
during jumping. On both hind legs, the 
Magazine
R991
F
Paddles
Spurs
Tibiae
D E
G
100
80
60
40
20
0
Hind
legs
move
-6 -4 -2 0
2.0
1.5
1.0
0.5
0
Emerges
from
water
Time (ms)
Current Biology
An
gl
es
 o
f p
ad
dl
es
 &
 s
pu
rs
 (d
eg
ree
s)
Ve
lo
ci
ty
 (m
 s-
1 )
H
Paddles
Spurs
Velocity
C 1 2 3
1 2
-6.2 ms
-5.8 -8.0
-3.2 -4.4
-8.4 ms
3
100 µm
500 µm
4
Medial
apical spur
Lateral
apical spur
Medial
sub-apical spur
Three medial
paddles
Tibia
Four lateral
paddles
BA
1 2
3
4
Lateral
sub-apical spur
Hind leg 1 mm
2 mm 2 mm
1 mm
1 mm
321
Spur
Tibia
Figure 1. Morphology and kinematics of pygmy mole crickets jumping from water.
(A) Side view of the insect on land. (B) Scanning electron micrograph of the distal end of a
hind tibia to show the three medial and four lateral paddles, and the two pairs of spurs. (C)
Superimposed images viewed under white and ultraviolet light of the articulation of the seven
paddles. At each articulation is an area of bright blue fluorescence indicating the presence of
resilin. (D,E) Selected images at the times indicated (emergence from the water occurred at
0 ms) of spontaneous jumps from water captured at 5000 images s-1. (D) Lateral view in which the
left hind leg moved first and then the right hind leg 0.4 ms later. Both legs carried air with them
into the water which subsequently dispersed as a series of bubbles. (E) Front view of a jump by
another pygmy mole cricket to show extension of the paddles and splaying of the long spurs,
enlarged in (F). (G) The hind legs were covered by water that was still linked to the surface as they
emerged from the water. (H) Plot of the angular changes (black) of the paddles and long spurs
and forward velocity (grey) of the insect. paddles are calculated to carry 0.16 mg 
of water and generate 2.8 mN of force, 
and the long spurs to carry 1.24 mg of 
water and generate a further 11.0 mN. 
Both hind legs therefore generate a 
force of 13.8 mN and an acceleration of 
153 g. These values agree well with the 
kinematics, which show a force of 16 
mN and an acceleration of 180 g. This locomotory strategy differs 
from those of other animals that jump 
from or move on water. Pygmy mole 
crickets generate a laminar flow of 
the water beneath their hind tibiae 
and large forces from extension of 
their moveable paddles and spurs. 
The generation of thrust is possible 
because of the viscosity of water  
 
 
 
 
 
 
 
 
 
 
relative to body size; the paddles and 
spurs act in a similar way to the smaller 
hairs on the moving mouth parts of 
copepods [5]. By contrast, frogs [6] and 
basilisk lizards generate a turbulent 
flow beneath their wide and flat feet 
(Reynolds numbers 5000–15000) 
and to run on water, a basilisk lizard 
must maintain a pocket of air above 
its feet [7,8]. Pygmy mole crickets 
and copepods therefore exploit the 
viscosity of water, basilisk lizards its 
mass, and pond skater insects [9], and 
fisher spiders [10] its surface tension. 
Jumping from water by pygmy mole 
crickets results in a lesser performance 
than when jumping from land, but the 
price paid for overcoming the drag 
from the water should be repaid in 
higher survival rates.
Supplemental Information
Supplemental Information including 
experimental procedures and two movies can 
be found with this article online at  
http://dx.doi.org/10.1016/j.cub.2012.10.045.
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